SUMMARY A duplex scanner which consists of a real time two dimensional scanner and a pulsed Doppler flowmeter was used to measure superior mesenteric blood flow in 70 healthy subjects. By processing the Doppler shift signals, the instantaneous average Doppler shift frequency and then the instantaneous average velocity of the flow rate were calculated. Both diameter of the vessel and angle between vessel and beam were measured from real time imaging. The mean (+ standard error of the mean) of the superior mesenteric blood flow was 517±19 ml/min. There was neither significant difference in flow between sexes, nor correlation between flow and age (r=0.042). The mean of coefficients of variability were 6-8% over the short term, and 8.2% in long term studies.
The superior mesenteric artery supplies blood to the duodenum -except for its superior portion -and also to the whole of the small bowel and the right half of the colon. Little information is available concerning superior mesenteric artery blood flow (SMABF) 18 March 1985 
Methods

SUBJECTS
We used a duplex scanner13 (ATL 500, Squibb Medical Systems). It consists of a real time two dimensional ultrasonic imager with associated 3 MHz pulsed Doppler flowmeter and video tape recorder. Real time imaging was used to localise the artery and hence to allow the placement of the Doppler flowmeter at any desired point within the blood vessel. In our study the flowmeter was placed in the first part of the SMA near its origin from the aorta (Fig. 1) . After the ultrasonic Doppler interrogation of the artery, Doppler shift signals were obtained ( Fig. 2 ) which, together with real time images were stored on video tape. On a second occasion the Doppler shift signals were displayed and analysed using a microprocessor based dual channel spectrum analyser (Radionics Medical Model 800) and a computer (Apple).
Assuming that the blood vessel was isonated uniformly the instantaneous average Doppler shift frequency over the cardiac cycle was calculated. taneous average Doppler shift frequency. Both angle and diameter of blood vessel were measured from the two-dimensional display and an estimate of volume flow was made by multiplying the cross sectional area by the time average instantaneous mean velocity over the cardiac cycle.
A total of 70 subjects of both sexes (34 men and 36 women), aged 20 to 88 years (mean: 37 years), body weight ranging from 45 to 85 kg (mean: 65*5 kg) were studied. Forty six were healthy volunteer medical staff, and the rest (n=24) were outpatients in whom cardiovascular and gastrointestinal disease were excluded and a 'normal' SMABF was presumed. All gave informed consent. After an overnight fast and a resting period of 30 minutes in a supine position Doppler ultrasound scanning of the upper abdomen was carried out.
Within subject variability was tested in 21 normal subjects (11 men and 10 women) aged 21 to 52 years (mean: 28 years) over a period of one hour (short term), and in 18 normal subjects (nine men and nine women) aged 21 to 52 years (mean: 25.2 years) on different days (long term). All subjects were examined in the fasting and resting state. In each subject in the first group five measurements of the SMABF were carried out over 60 minutes, while subjects in the second group had three measurements each on three different days with an interval of two weeks between these measurements. A coefficient of variability (obtained by dividing the standard deviation by the mean) was calculated for each subject in the short term (five measurements) and in the long term (three measurements) tests. In both tests the variability was then expressed as the mean of coefficients of variability.
Statistical analysis of the data was performed using the mean, median, mode, range, frequency distribution, standard deviation (SD), standard error of the mean (SEM) and correlation coefficient. 
Results
The mean value (±SEM) of the SMABF was 517±19 ml/min (n=70) (range 250 ml/min to 890 ml/min). The median value was 502 ml/min. Figure 3 shows the frequency distribution of the SMABF of all subjects. There was neither significant difference in flow between the sexes (men 521 ml/min±27 (n=34), and women 513±28 ml/min (n=36), nor correlation between SMABF and age (r=0.042) (Fig. 4) . measurements. * Our results agree largely with those17 in which a spillover angiographic reflux technique was used, and in which the human SMABF varied from 300 ml/min to 600 ml/min (average 456 ml/min), and with those18 in which an inert gas washout technique 20 30 40 50 60 70 80 90 was used and the total blood flow in the small Age (years) intestine in man was estimated to be 500 to 600 ml/min. In view of the fact that the superior shipbetween SMABF (mi/mmn)andage.
mesenteric artery also supplies parts of the colon this comparison suggests a slight underestimation in SMABF using our method. by using the available real time A dye dilution technique1 of injecting indoalisation of the superior mesenteric cyanine green into the superior mesenteric artery precise location and placement of the and sampling the blood flow from the superior le volume within it. mesenteric vein (catheterised through the re-opened ) orientation are minimised by having umbilical vein) resulted in the SMABF being around e between the blood vessel and the 700 ml/min which is higher than our result (517 16 This was possible in most cases by ml/min). The reason is apparently the difference in sampling the first part of the superior the methods. Doppler ultrasound is non-invasive, zry near its origin. Because of anato-instantaneous and determines the flow at the origin as and/or interference by intestinal of the artery. This means instantaneous recording of this was not always possible. Sampl-the arterial inflow under physiological conditions; nt of the artery would have required a on the other hand the dye dilution technique ngle than was desirable. In order to measures the venous outflow which is higher than when the problem was intestinal gas the arterial inflow, and its invasiveness could affect on was repeated on different occa-the result. Furthermore this method was found to iical difficulties were overcome by overestimate flow by 18% when comrnared with robe to help obtain a suitable angle. more direct methods in the laboratory.' imaging used in this study has a high Using a video dilution technique preliminary -h allowed satisfactory measurements estimations of the human SMABF varied from 11% r of the blood vessel. These measure-to 20% of the cardiac output.3 A direct comparison rom 5-9 mm with an average (±stan-with our results is not possible because cardiac of 6-7±0-77 mm. As Anatomical variations could be further reasons to explain the variability. The blood supply to the small and large bowel is extremely variable. In 17% of subjects the superior mesenteric artery gives rise to a replaced or accessory right hepatic artery which supplies the right and middle lobe of the liver. 25 Such variations are extremely difficult to verify by ultrasonic means. Varying diameter of the superior mesenteric artery between subjects could be a further contributing factor. Using this method we detected changes in SMABF after the ingestion of a mixed meal.26 Furthermore we have also shown that the chemical nature of the meal was a significant factor determining the postprandial SMABF increase.27 This indicates that the method would be sensitive enough to detect changes in SMABF after either physiological or pharmacological stimuli, or under pathological conditions.
In conclusion, this study showed that transcutaneous ultrasound -despite its difficulties and limitations -is a reliable method for measuring SMABF and has a promising future in studying the gastrointestinal blood flow both in health and disease.
